Purpose Randomised controlled trials (RCTs) represent a gold standard for evaluating therapeutic interventions. However, poor reporting clarity can prevent readers from assessing potential bias that can arise from a lack of methodological rigour. The Consolidated Standards of Reporting Trials statement for non-pharmacological interventions 2008 (CONSORT NPT) was developed to aid reporting. RCTs in ophthalmic surgery pose particular challenges in study design and implementation. We aim to provide the first assessment of the compliance of RCTs in ophthalmic surgery to the CONSORT NPT statement. Method In August 2012, the Medline database was searched for RCTs in ophthalmic surgery reported between 1 January 2011 and 31 December 2011. Results were searched by two authors and relevant papers selected. Papers were scored against the 23-item CONSORT NPT checklist and compared against surrogate markers of paper quality. The CONSORT score was also compared between different RCT designs. Results In all, 186 papers were retrieved. Sixty-five RCTs, involving 5803 patients, met the inclusion criteria. The mean CONSORT score was 8.9 out of 23 (39%, range 3.0-14.7, SD 2.49). The least reported items related to the title and abstract (1.6%), reporting intervention adherence (3.1%), and interpretation of results (4.7%). No significant correlation was found between CONSORT score and journal impact factor (R ¼ 0.14, P ¼ 0.29), number of authors (R ¼ 0.01, P ¼ 0.93), or whether the RCT used pairedeye, one-eye, or two-eye designs in their randomisation (P ¼ 0.97).
Introduction
The randomised controlled trial (RCT) is a cornerstone of medical research and evidencebased medicine. RCTs are widely regarded as the 'criterion standard' for evaluating the effectiveness of an intervention. They are classed in the Levels of Evidence as level 1b by the Oxford Centre for Evidence-based Medicine. 1 However, poorly reported RCTs are associated with bias in estimating the effectiveness of interventions, 2, 3 and inconsistencies between the conclusions and results. 4 Adequate and accurate reporting is vital to facilitate critical appraisal and interpretation of the data by the readers.
The Consolidated Standards of Reporting Trials (CONSORT) statement was developed to provide a minimum set of standards for transparent reporting of RCTs. The original CONSORT statement, published in 1996, 5 has since been revised in 2001, 6, 7 and updated most recently in 2010. 8 Additionally, an extension to the statement was developed to address specific issues surrounding the reporting of RCTs evaluating surgical interventions. 9 The 2008 CONSORT extension for non-pharmacological treatment interventions (CONSORT NPT) is an extension on the 2001 CONSORT checklist that incorporates additional issues relating to masking difficulty, intervention complexity, and inconsistent care providers' expertise that commonly affect surgical RCTs. 10, 11 RCTs in ophthalmology represent further challenges for researchers; 12 for example, each patient has the potential to contribute two data points. Studies in ophthalmology may require alternative designs and hence alternative methods of analysis to accommodate this. 13, 14 Previously, reporting of RCT abstracts in ophthalmology has been suboptimal. 15 A review of 24 ophthalmology RCTs published in 1999 found that only an average of 33.4 out of 57 descriptors were adequately reported to the standard described in the 1996 CONSORT statement. 16 We are unaware of previous assessments regarding the compliance of RCTs in ophthalmic surgery to the CONSORT NPT, and could find no reference in a computerised search of the PubMed database.
The primary objective of this study was to assess the compliance of recent RCTs in ophthalmic surgery to the 2008 CONSORT NPT extension of the CONSORT 2001 statement. The secondary objectives included identifying any associations between CONSORT NPT compliance and surrogate markers of article quality, including ISI 2011 impact factor of the publishing journal, number of authors, number of patients in the trial, and whether the study was a single-or multi-centre study. The association between CONSORT score and different designs in randomisation of ophthalmology RCTs was also analysed.
Materials and methods

Search method
The Medline database was searched during August 2012 for RCTs from the period 1 January 2011 to 31 December 2011 for the Medical Subject Headings 'Ophthalmic Surgical Procedures' NOT 'Pharmacology', with the 'explode' function activated. Limitations were set for English language and trials on human subjects. Results were then manually searched independently by two authors (ACY and AK) for RCTs that satisfied the inclusion criteria. The RCTs were identified by reviewing the titles and abstracts of the results. Where there was insufficient information in the title and abstract for determining inclusion, the full article was obtained and reviewed. The two authors then resolved any conflicts in article selection by consensus. Where differences remained, a third author (CFC) was consulted to make the final decision. After the final selection was confirmed, all full articles were obtained. The search protocol is summarised in the PRISMA (Preferred Reporting for Systematic Reviews and Meta-Analyses) flow diagram (Figure 1 ).
Studies were only included if they were randomised, parallel-group RCTs in humans, involving a surgical procedure as at least one intervention arm. Excluded were studies involving purely pharmacological interventions, cost-effectiveness or economic analyses, interim analyses, short communications, simulation studies, and studies involving only cadaveric eyes.
Scoring
The papers were then scored independently by two authors (ACY and AK) against the 23 items on the 2008 CONSORT NPT extension of the 2001 CONSORT checklist. Each item was given an equal weighting, scoring 1 each, for a total of 23. Articles were scored 1 for an item if all information detailed in the respective item was reported, an approach reflective of the latest CONSORT 2010 guidelines. 8 Otherwise the item was scored 0. Two items were subdivided in the CONSORT NPT statement: item 4 included three parts (4A, 4B, and 4C), and item 11 had two parts (11A, 11B). For these items each had its parts scored independently, with each worth a third and one-half, respectively. The resulting mark out of 23 was termed the 'CONSORT score'. After initial scoring, any discrepancies in scores between the two authors were settled by consensus. If agreement could not be reached, the third author (CFC) was consulted for the final decision.
Secondary analyses
The relationship between the CONSORT score and several surrogate markers of article quality were also analysed (all prespecified). These included the number of authors; 17, 18 number of patients; ISI 2011 impact factor of publishing journal; 19 and whether the study was a single or multicentre study. The relationship between the CONSORT score and different designs in randomisation of ophthalmology RCTs, as defined by Lee et al, 12 was analysed: paired-eye design, one-eye design, and two-eye design.
Statistical analyses
Inter-rater reliability was assessed using the Cohen's kappa score calculation. Spearman Rank correlation coefficient was used to assess the relationship between CONSORT score and surrogate markers of article quality. The Mann-Whitney U test was used to measure intergroup differences between single-and multi-centre trials. The Kruskal-Wallis test was used to analyse the CONSORT scores between different study designs: paired-eye, one-eye, and two-eye designs. Differences in CONSORT score between same-group, different-group, and mixed two-eye designs were also analysed using the Kruskal-Wallis test. All statistical analyses were carried out using SPSS (version 22.0; SPSS Inc., Chicago, IL, USA).
Results
In all, 186 articles were retrieved from the search of the Medline database ( Figure 1 ). Of these, 69 articles were selected. Following review of the full articles, four articles were excluded: two for not being RCTs, and two for being unrelated to ophthalmology. The remaining 65 RCTs, involving 5803 patients, met the inclusion criteria. Inter-observer concordance for article selection had a kappa score of 0.91. In total 1495 items were scored. Following the initial round of scoring, the authors' scores were disputed on 50 items (2.8%). All 50 disputed items were resolved following discussion. The kappa score for the initial round of scoring was 0.94.
The mean CONSORT score of the 65 RCTs was 8.9 out of 23 (39%, range 3.0-14.7, SD 2.49). The compliance for individual items is shown in Table 1 and Figure 2 . The poorest-reported items were item 1: title and abstract (one paper, 1.6%), item 4c: details of how adherence with protocol was assessed (two papers, 3.1%), and item 20: interpretation of results (three papers, 4.7%). No paper adequately reported all items in the CONSORT checklist.
Six journals' impact factors were not listed in ThompsonReuters' Journal Citation Reports, 19 which included 7 of the 65 RCTs. For the 58 remaining papers, there was no correlation between CONSORT score and the impact factor (Spearman rho ¼ 0.14, P ¼ 0.29, Cohen's d ¼ 3.297), Figure 3 . There was no correlation between CONSORT score and the number of authors (Spearman rho ¼ 0.01, P ¼ 0.93, Cohen's d ¼ 1.533). There was no statistically significant difference between the scores of single-and multi-centre trials (P ¼ 0.58, Cohen's d ¼ 0.226), or between paired-eye, one-eye, or two-eye RCT designs (P ¼ 0.98, partial Z 2 ¼ 0.001). In addition, there was no statistical difference in CONSORT score between same-group, different-group, and mixed twoeye RCT designs (P ¼ 0.97, partial Z 2 ¼ 0.005).
Discussion
RCT adherence to the CONSORT NPT checklist varied considerably. The CONSORT score ranged widely from 3 to 14.7 out of 23 items in this study. Several items integral to trial reporting, such as the background, rationale, objectives, and hypotheses, were well reported. Notably, adherence was over 95% to item 2: background, item 5: specifying objectives/hypotheses, and item 22: general interpretation of results in the context of current evidence. Despite this, the mean score was only 8. Suboptimal compliance of RCT reporting to CONSORT is also found across many other surgical specialties including urological surgery, 20 general surgery, 21 neurosurgery, 22 orthopaedic surgery, 23 plastic surgery, 24 and vascular surgery, 20 as well as medical specialties such as cardiology. 25 The deficiencies identified in previous studies include particularly poor reporting of randomisation implementation, masking status, and healthcare providers. 26, 27 Similar deficiencies in reporting quality were found in our study. A review of 164 RCTs by Agha et al 20 in six surgical specialties reported an average CONSORT score of only 11.2 out of the 22 items (51%) using the 2001 CONSORT statement. In our study, the same statement was used with the additional CONSORT NPT extension. The slightly lower CONSORT scores in our study is likely accounted for by the additional criteria within the extension.
The compliance to individual items was similarly varied. Inter-item variability appears globally consistent across other specialties. [20] [21] [22] [23] [24] [25] 28 In our study, over 90% of RCTs adequately reported scientific background and explaining rationale (item 2), reporting objectives or hypotheses (item 5), and interpreting results in the context of current evidence (item 22). This might be considered unsurprising, as these items represent the better recognised and readily achievable standards in the reporting of RCTs. High levels of reporting to item 2, 20,25 item 5, 21,24,25 and item 22 20, 25 have also been reported in other specialties. Despite this, 15 of the 23 items were reported in less than 50% of the RCTs. Of these items, nine items were reported in less than 25% of the RCTs. Similar findings have been found in a wide range of surgical specialties. [20] [21] [22] [23] [24] 28 Although most RCTs reported at least one aspect described by the item, a common reason for failure to score on an item was a failure to report all aspects highlighted by that item. The least reported item was related to the title and abstract (item 1). This was adequately reported in only 1 RCT (1.6%). Previous studies have shown this item to be well reported in other specialties. 20, 22, 24 However, these studies assess compliance against the CONSORT 2001 statement. In our study, RCTs generally mentioned 'randomisation' in the abstract or title fulfilling one aspect of the item. However, RCTs often failed to describe additional aspects of items as defined by the CONSORT NPT extension: the experimental treatment, care provider, centres involved, and masking status. Our pre-determined scoring strategy required all aspects of the item to be described to award the score, reflective of the CONSORT 2010 guidelines. 8 Indeed, these findings are consistent with Camm et al 25 assessing reporting of items to the CONSORT 2010 statement. Sufficiently detailed abstracts are essential as the readers often base their assessment of trials on the abstract information.
The value of complete abstract reporting is highlighted by the CONSORT Extension for Abstracts checklist. 29 Despite the publication of the checklist, Knobloch and Vogt 30 identified a mean compliance of only 9.46 out of the 17 items in the abstract extension checklist in 39 abstracts from the Annals of Surgery. Similarly, Berwanger et al 31 reviewed 227 abstracts from the NEJM, JAMA, BMJ, and The Lancet, finding that only 21 abstracts (9.3%) specified masking status.
There was no correlation between CONSORT score and surrogate markers of article quality. This is perhaps an unsurprising reflection that the CONSORT statement is more an assessment tool for the quality of RCT reporting rather than an assessment tool for the quality of RCT design itself. Neither the higher number of authors nor the higher journal impact factor was associated with improved CONSORT compliance, contrary to the popular belief that such markers help identify superior articles. 17, 18 Indeed, the evidence for association between surrogate markers of quality and CONSORT score is inconsistent. Camm et al 25 highlighted a significant association between impact factor and CONSORT 2010 score in RCTs concerning anti-arrhythmic agents. Balasubramanian et al 21 found that CONSORT score was significantly associated with higher author number, multi-centre studies, and impact factor in general surgery. However, Agha et al 20 reported no significant difference between CONSORT score and the same surrogate markers. Additionally, previous studies have also shown no link between higher impact factor and improved trial methodology. 32 Rigorous adoption of CONSORT by journals, however, has been shown to correlate with improved reporting quality. [33] [34] [35] [36] [37] Fulfilment of the CONSORT checklist items was suboptimal across different types of RCT design. There was no significant difference in CONSORT score between single-and multi-centre trials (P ¼ 0.16). In addition, there was no significant difference (P ¼ 0.46) in trials randomising two eyes to the same group, different group, or a combination of same group and different group (mixed). This indicates that the need for improvement in reporting quality is not confined to specific types of study, but is applicable globally.
Healthcare providers face particular challenges in conducting surgical RCTs compared to pharmaceutical trials. 12, [38] [39] [40] [41] Notable difficulties include achieving and implementing masking, addressing varying expertise levels of care providers, and varying patient volumes of centres. Furthermore, inadequate funding and difficulty in securing consent may contribute to the lack of sufficient patient numbers, leading to low sample size and inadequate study power. 42, 43 These factors may affect the accuracy in evaluating the effectiveness of interventions. 44 The CONSORT NPT extension provides a specific checklist to highlight the standards of reporting of these factors, which are not necessarily relevant to pharmaceutical trials.
Accurate and complete reporting of RCTs in ophthalmic surgery is especially important due to the potential added level of complexity of study design. The presence of two potential data points (ie two eyes) may lead to considerable heterogeneity in design, randomisation method, and statistical analysis. 12, 45 Although there is a need to accurately inform readers of alternative statistical methodology, statistical consideration with respect to study design is often under-reported in many RCTs in ophthalmology. 12 In our study, 32 of the 64 RCTs (50%) adequately satisfied item 12 (regarding statistical methods). Poor reporting quality can prevent readers from assessing the potential bias that can arise from a lack of methodological rigour. 46 Inadequate adherence to the CONSORT NPT may arise from failure at any of the four stages of the awareness-to-adherence model of compliance to guidelines (awareness, agreement, adoption, and adherence) defined by Pathman et al. 47 Given the heterogeneity of study designs in ophthalmic surgery, authors may be reluctant to consider using a checklist tool that was not developed for such a design. In addition, the adoption of the CONSORT statement and its extensions into journals' 'Instructions to Authors' has been suboptimal. 48 There are various limitations to this study. The search was restricted to articles in the English language and from the Medline database. The period studied was restricted to 2011, preventing any analysis of the temporal trends in CONSORT score. The number of RCTs including in this period was relatively small, limiting the power to examine the relationship between CONSORT scores and surrogate markers of RCT quality. Some CONSORT items may be included in associated RCT protocols in the public domain that were not analysed. Pragmatic difficulties arise in the scoring of RCT compliance to the CONSORT NPT. Many items contain multiple elements. Whether reviewers score items in regard to the multiple elements is a potential area of subjectivity. Subjectivity was minimised in this study by predefining the scoring strategy among the reviewers. The item was only scored if all elements were reported. This is on the basis that CONSORT items represent absolutely fundamental information; 'the minimum criteria,' that should be reported in a RCT. 8 Furthermore, all items on the checklist were given equal weighting to minimise subjectivity. Although this may not reflect their relative importance, it is nonetheless an objective approach to analyse deficits, patterns, as well as overall compliance.
The 2008 CONSORT NPT extension will benefit from updating to be brought in line with the CONSORT 2010 checklist. Key updates would include addition of the three new items regarding trial registration, availability of the trial protocol, and the declaration of funding. General changes might focus on reducing obfuscation by alterations in wording: replacing, simplifying, or removing misused words or phrases. In addition, greater specificity and subdivisions of items would help to address the additional requirements for NPTs.
There is a need to improve the quality of reporting of RCTs in ophthalmic surgery. The adoption of CONSORT by journals is associated with improved reporting quality, [33] [34] [35] [36] [37] 52 and therefore we recommend journals are explicit towards authors regarding CONSORT before submission and peer review. Editors, peer reviewers, authors, and developers of reporting guidelines will benefit from working closely with groups such as the Enhancing the Quality and Transparency of Health Research Network to support development and dissemination of reporting guidelines. 53 Further development of the CONSORT Statement may help to improve compatibility to RCTs with alternative methodologies including within-person randomised trials, common in ophthalmic surgery. Future extensions to the CONSORT Statement will hopefully start to address this. 27 
Conclusion
In conclusion, our findings suggest that the 2008 CONSORT NPT guidelines are not being met in 2011. It is recommended that the authors, funding agencies, peerreviewers, and journal-editors in ophthalmology collaborate to enhance the integration of CONSORT into the RCT publication process. Evolution and further extension of CONSORT will hopefully help to incorporate studies with alternative methodologies such as are seen in ophthalmology.
Summary
What was known before K Despite the importance in the levels of evidence, randomised controlled trials (RCTs) in many surgical specialties are often inadequately reported.
K Previous studies have suggested similar inadequacies as applying to RCTs in ophthalmic surgery, in the reporting of abstracts.
What this study adds
K This study formally analysed the reporting quality of RCTs in ophthalmic surgery by assessing compliance to the 2008 CONSORT extension for Non-Pharmacological Treatment interventions (CONSORT NPT) guidelines.
K Overall, there was suboptimal compliance of RCTs in ophthalmic surgery in 2011 to the 2008 CONSORT NPT guidelines.
K Similar levels of RCT reporting quality were found in ophthalmic surgery compared with other surgical specialties.
